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In order to develop new approaches to treatment of infections due to Pseudallescheria boydii, the in vitro
antifungal activity of amphotericin B alone and in combination with miconazole, itraconazole, and fluconazole
was studied. Combinations of amphotericin B and antifungal azoles were synergistic, additive, or indifferent in
their interaction against P. boydii. Antagonism was not observed.

Pseudallescheria boydii causes mycetoma, pneumonia, and
disseminated infections, particularly involving the central ner-
vous system, that are frequently refractory to antifungal che-
motherapy (1–4, 6, 7, 10–16, 19–23, 25–28). Isolates of P. boydii
are often considered to be resistant to amphotericin B; how-
ever, the frequency with which such resistance occurs is not
well described. Antifungal azoles are often cited as the agents
of choice for infections due to P. boydii (7, 13, 15), yet patients
with pneumonia, cerebral abscesses, endophthalmitis, osteo-
myelitis, or disseminated infections due to P. boydii often fail
to respond to single-agent azole therapy. New therapeutic ap-
proaches are clearly needed for the treatment of infections due
to this organism. The combination of amphotericin B and
antifungal azoles may provide an important therapeutic op-
tion.
Little is known, however, about the combination of ampho-

tericin B and antifungal azoles for P. boydii. The combination
of antifungal azoles and amphotericin B in treatment of P.
boydii infections may not be considered feasible on the basis of
theoretical concern about potential antagonism. We therefore
determined the MICs and minimum lethal concentrations
(MLCs) of amphotericin B and antifungal azoles in vitro
against a large group of clinical isolates of P. boydii and further
studied the potential synergistic interaction between these two
classes of antifungal compounds against this frequently refrac-
tory pathogen.
The 22 isolates of P. boydii used in this study were identified

at the Fungus Testing Laboratory, Department of Pathology,
University of Texas Health Science Center at San Antonio.
Cultures were maintained on the surface of potato dextrose
agar slants (Remel, Lenaxa, Kans.) at 2708C.
MICs were determined by broth macrodilution methods, as

previously described (8, 9, 18). Briefly, a suspension was ad-
justed with a spectrophotometer to 68 to 71% transmission at
a wavelength of 530 nm and diluted 100-fold to yield an inoc-
ulum of 1 3 104 to 5 3 104 CFU/ml. Amphotericin B, flucon-
azole, itraconazole, and miconazole were tested in 0.165 M

morpholinepropanesulfonic acid (MOPS)-buffered RPMI
1640 (Bio-Whittaker, Walkersville, Md.) at a pH of 7.0. A
100-ml quantity of concentrated antifungal compound was di-
luted 10-fold into 900 ml of inoculum suspension and incubated
at 358C for 24 and 48 h. The final concentration ranges for
amphotericin B (Bristol-Myers Squibb, Princeton, N.J.) and
itraconazole and miconazole (both from Janssen Pharmaceu-
tica, Piscataway, N.J.) were 0.03 to 16.0 mg/ml, and that for
fluconazole (Pfizer Central Research, Groton, Conn.) was
0.125 to 64.0 mg/ml. Growth was graded on a scale of 0 to 41
as follows: 0, optically clear; 11, slightly hazy; 21, 50% reduc-
tion of growth; 31, 25% reduction of growth; and 41, growth
equal to that of the growth control tube. The MIC was defined
as the lowest concentration of antifungal compound which
rendered no growth (0) for amphotericin B and 21 growth for
antifungal azoles. The MLC was determined by dispensing and
streaking 100 ml of broth from the next four tubes with con-
centrations above the MIC, exhibiting no growth onto Sab-
ouraud glucose agar (Media Department, National Institutes
of Health, Bethesda, Md.), and incubating at 358C. A growth of
three or fewer colonies was considered to indicate fungicidal
activity. The MLC was defined as the lowest concentration of
antifungal compound causing growth of three or fewer colo-
nies.
A two-dimensional checkerboard macrodilution technique

was used to characterize interactions between amphotericin B
and the antifungal azoles. Serial twofold dilutions of ampho-
tericin B and an antifungal azole, alone and in combination,
were tested against a final inoculum concentration of 1 3 104

to 5 3 104 CFU/ml. Each of the two antifungal compounds in
the tubes with two drugs was dispensed in 100-ml volumes to
yield 200 ml. An 800-ml volume of the inoculum in broth was
then added, thereby diluting each drug 10-fold. Each tube
combination was again scored on a scale of 0 to 41. The
fractional inhibitory concentration index (FICI) was then cal-
culated as (MIC of amphotericin B plus azole/MIC of ampho-
tericin B)1 (MIC of azole plus amphotericin B/MIC of azole).
Drug interaction effects were defined on the basis of FICI
values as follows: synergistic effect, #0.5; additive effect, .0.5
but #1; indifferent effect, .1 but #4; and antagonistic effect,
.4.
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Parallel testing of control isolates of Candida parapsilosis
ATCC 90018 and Paecilomyces variotii ATCC 22319 was per-
formed throughout the experiments for quality control. Results
of in vitro susceptibility tests were similar (P $0.5) for the two
collaborating laboratories (National Cancer Institute and Uni-
versity of Texas Health Science Center at San Antonio).
Differences in means were determined by Student’s paired t

test. All P values were two-sided. A P value of #0.05 was
considered to be significant. In determining the mean MIC and
MLC for an antifungal compound, the next highest concentra-
tion was designated for single values exceeding the tested
range of concentrations.
There was a broad range of antifungal activity, measured by

high and low MICs, of amphotericin B, itraconazole, and flu-
conazole compared with that of miconazole, which had a con-
sistently narrow range of low MICs (Table 1). The mean MICs
6 standard errors of the mean were as follows: amphotericin
B, 1.1 6 0.15 mg/ml (range, 0.25 to 2.0 mg/ml); itraconazole,
0.45 6 0.20 mg/ml (range, 0.03 to 4.0 mg/ml); fluconazole, 18 6
2.2 mg/ml (range, 2.0 to 32 mg/ml); and miconazole, 0.366 0.04

mg/ml (range, 0.125 to 0.50 mg/ml). As depicted in Table 1, the
mean MLCs of amphotericin B, miconazole, itraconazole, and
fluconazole against P. boydii were 5- to 33-fold higher than the
corresponding mean MICs, as follows: amphotericin B, 12 6
3.0 mg/ml; miconazole, 6.9 6 1.8 mg/ml; itraconazole, 15 6 2.8
mg/ml; and fluconazole, 87 6 11 mg/ml.
Combinations of amphotericin B and antifungal azoles were

synergistic, additive, or indifferent in their interaction against
P. boydii. Antagonism was not observed. Sixteen (67%) of all
amphotericin B-azole interactions studied were additive or
synergistic. The mean FICIs 6 standard errors of the mean for
the combinations of amphotericin B and the azoles were as
follows: with miconazole, 0.806 0.09 (range, 0.49 to 1.07); with
itraconazole, 1.03 6 0.2 (range, 0.3 to 2.1); and with flucon-
azole, 0.61 6 0.09 (range, 0.32 to 1.12) (Table 2). Figure 1
further illustrates the augmentation of antifungal activity by
the combination of amphotericin with antifungal azoles. The
mean MIC of amphotericin B against P. boydii was substan-
tially reduced in the presence of miconazole (P 5 0.026),
itraconazole (P 5 0.042), and fluconazole (P 5 0.11).

TABLE 1. MICs and MLCs of antifungal compounds against P. boydiia

Isolate no.
Amphotericin B Miconazole Itraconazole Fluconazole

MIC MLC MIC MLC MIC MLC MIC MLC

92-36 0.25 .16 0.5 8.0 0.03 .16 8 .16
91-753 2.0 2.0 0.125 0.5 0.25 2.0 16 16
91-895 2.0 2.0 0.125 0.125 #0.03 .2.0 16 16
91-197 1.0 .16 0.5 4.0 0.5 .16 32 .64
91-725 2.0 4.0 0.5 1.0 0.25 .8.0 16 .64
91-1216 0.25 .8.0 0.125 1.0 0.25 .4.0 16 .64
91-1434 1.0 2.0 0.25 2.0 0.125 2.0 8 .16
92-194 0.5 1.0 0.125 0.125 0.25 .4.0 4 .64
285 0.5 2.0 0.5 4.0 0.25 .8.0 16 .32
1090 1.0 1.0 0.5 1.0 0.125 .8.0 32 64
1023 0.5 0.5 0.5 1.0 #0.03 .4.0 16 32
90-9 1.0 1.0 0.25 .8.0 0.125 .4.0 8.0 32
91-635 0.5 .8.0 0.5 16.0 0.5 .16 8.0 .64
91-4 2.0 .16 0.5 8.0 0.25 .16 32 .64
92-116 1.0 .16 0.25 8.0 0.25 .16 32 .64
578 2.0 2.0 0.5 2.0 0.125 4.0 32 .64
370 0.5 .4.0 0.25 16 0.125 .2.0 10 32
90-423 2.0 .16 0.5 .16 2.0 .16 32 .64
92-49 0.5 0.5 0.5 16 #0.03 .0.25 16 .64
1441 1.0 4.0 0.125 0.25 #0.03 .0.25 16 32
91-514 2.0 .16 0.5 .4.0 4.0 .0.16 2.0 .64

Mean 6 SEM 1.1 6 0.15 12 6 3.0 0.36 6 0.04 6.9 6 1.8 0.45 6 0.20 15 6 2.8 18 6 2.2 87 6 11

a All results are expressed as micrograms per milliliter.

TABLE 2. FICIs for combinations of amphotericin B and antifungal azoles against P. boydii

Isolate no.
FICI for amphotericin B plus:

Miconazole Itraconazole Fluconazole

92-36 1.07 1.24 1.12
91-197 0.49 0.75 0.57
91-895 0.75 1.12 0.32
92-194 0.60 1.25 0.32
91-753 0.62 0.37 0.75
91-1216 1.0 1.06 0.53
91-1434 0.62 0.31 0.75
91-725 1.01 2.12 0.50

Mean 6 SEM (range) 0.77 6 0.08 (0.49–1.07) 1.0 6 0.2 (0.3–2.1) 0.61 6 0.09 (0.32–1.125)
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P. boydii often has been described as being resistant to am-
photericin B (4, 6, 13, 19, 22). While 7 (32%) of the 22 isolates
of P. boydii used in this study were resistant to concentrations
of amphotericin B of $2.0 mg/ml, for 8 isolates (36%), the
MICs were #0.5 mg/ml. This strain-dependent in vitro re-
sponse to amphotericin B suggests a potential role for in vitro
susceptibility as a possible guide to selection of antifungal
therapy and further suggests a potentially wider use of ampho-
tericin B against P. boydii infections than has previously been
recognized.
Immunocompromised patients with severe Pseudallescheria

infections in the absence of host effector cells may depend
upon the fungicidal activity of a compound for the successful
eradication of organisms from tissue. This study, however,
found a 5- to 33-fold disparity between mean MICs and mean
MLCs for amphotericin B as well as for the antifungal azoles,
suggesting that the potential fungicidal effects of these com-
pounds are not attained at safely achievable concentrations in
serum. Thus, strain-dependent antifungal activity and lack of
fungicidal activity may limit the efficacy of single-agent therapy
against Pseudallescheria infections in immunocompromised
hosts.
The additional antifungal activity of combination antifungal

therapy may be critical in profoundly neutropenic patients, in
whom even moderate augmentation of antifungal activity may
be important in preventing progression of infection until re-

covery from neutropenia. Perhaps the additive or synergistic
activity of amphotericin B and antifungal azoles also may avert
the need for disfiguring surgery in the management of P. boydii
osteomyelitis. Combined topical administration of polyene and
an antifungal azole also may have benefits in the management
of P. boydii keratitis, which is refractory to single-agent sys-
temic azole therapy (5, 17).
Combination therapy with amphotericin B and antifungal

azoles has not been widely espoused as a therapeutic alterna-
tive because of the potential for antagonism. Schaffner and
Frick demonstrated that when rats with experimental aspergil-
losis were exposed to ketoconazole, the in vivo activity of
subsequently administered amphotericin B was reduced (24).
Aspergillus isolates recovered from such animals had become
resistant in vitro to amphotericin B. This antagonistic interac-
tion may be related to the depletion of ergosterol by the initial
nonlethal exposure to the antifungal azole, resulting in reduced
efficacy of subsequent amphotericin B administration because
of diminished binding of the polyene to the fungal cell mem-
brane. This form of antagonism is predicated upon pretreat-
ment with an antifungal azole and subsequent treatment with
amphotericin B.
The augmented antifungal activity observed with amphoter-

icin B-azole combinations against P. boydii in this study indi-
cates that other mechanisms are likely to be operative. In a
model of simultaneous exposure to amphotericin B plus an
antifungal azole, amphotericin B binds to ergosterol at the
fungal cell membrane, resulting in increased permeability to
the antifungal azole. Increased amphotericin B-mediated per-
meability of fungal cell membranes may permit higher intra-
cytoplasmic azole concentrations at the C-14-demethylase-cy-
tochrome P-450 binding site, resulting in further inhibition of
ergosterol synthesis in fungal cell membranes and augmenta-
tion of antifungal activity. This mechanism is consistent with
findings of enhanced antifungal activity in this study.
As with all findings of in vitro antifungal activity, correlation

with appropriate animal models and patient outcome is impor-
tant. Given the difficulty in performing a large clinical trial with
sufficient predictive power for assessing antifungal therapy
against Pseudallescheria infections, animal studies assume even
greater importance in studying the treatment of uncommon
but emerging opportunistic fungi, such as P. boydii. We cur-
rently are investigating the mechanisms of host response and
strain-dependent virulence in rabbit models of pulmonary and
disseminated P. boydii infection. Following characterization of
these models, the in vivo interaction of antifungal azoles and
amphotericin B can be appropriately assessed.
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